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7KH ZDWHU XWLOLWLHV DUH UHTXLUHG WR LPSURYH VHZDJH WUHDWPHQW HIILFLHQF\ GXH WR WKH QHHG WR
FRPSO\ZLWKKLJKHUGLVFKDUJHFRQVHQWVVHWE\WKH:DWHU)UDPHZRUN'LUHFWLYH6LPXOWDQHRXVO\
REOLJDWLRQV WR UHGXFHFDUERQHPLVVLRQVKDYHEHHQVHWE\ WKH*RYHUQPHQWXQGHU WKH&OLPDWH
&KDQJH $FW  7KHVH WZR WDUJHWV ORZ HQHUJ\ DQG ORZ FDUERQ HPLVVLRQV FDQ EH VHHQ DV
FRQWUDGLFWRU\ DV LW KDV EHHQ GHPRQVWUDWHG WKDW WKH FRPSOLDQFH RI WKH :DWHU )UDPHZRUN
'LUHFWLYHLVOLNHO\WRLQFUHDVHRSHUDWLRQDOHQHUJ\XVHGXHWRDGGLWLRQDOSURFHVVHVEHLQJUHTXLUHG
FRQVHTXHQWO\ LQFUHDVLQJ FDUERQ HPLVVLRQV >@ +HQFH DQ H[SDQGLQJ LQWHUHVW LQ QHZ
WHFKQRORJLHVDQGDOWHUQDWLYHWUHDWPHQWIORZVKHHWVWKDWKDYHDORZHQHUJ\GHPDQGDQGUHGXFHG









IRU PHPEUDQH IRXOLQJ FRQWURO 5HSRUWHG QHW HQHUJ\ GHPDQGV IRU LPPHUVHG $Q0%5
FRQILJXUDWLRQVZHUH LQ WKHUDQJHEHWZHHQN:KP>@$QDOWHUQDWLYH LV WKHJUDQXODU
VOXGJH DQDHURELF PHPEUDQH UHDFWRU *DQ0%5 FRQVLVWLQJ RI DQ XSIORZ DQDHURELF VOXGJH
EODQNHW UHDFWRU 8$6%FRXSOHGZLWKDPHPEUDQHDV LQ WKLVFRQILJXUDWLRQ WKHPHPEUDQHKDV
EHHQGHPRQVWUDWHGWREH OHVVOLNHO\ WRIRXODQGWRDOORZHQKDQFHGRSHUDWLRQZLWKUHGXFHGJDV
VSDUJLQJGHPDQGDQGLQFUHDVHGIOX[HV>@%DVHGRQWKHVHILQGLQJVDQGWKHFXUUHQWSUHVVXUHV










WR EH XVHGDV WKH VSDUJLQJ JDV WKH SLORWSODQW FRQILJXUDWLRQ GLG QRW DOORZ IRU WKLV RSWLRQ DQG
QLWURJHQJDVZDVXVHGLQVWHDG$Q0%5RSHUDWLRQDOF\FOHFRQVLVWHGRIPLQSHUPHDWLRQDQG
PLQEDFNIOXVKLQJDWHTXDOIORZUDWHVWRSURYLGHDQHWIOX[RI/PK)OX[WUDQVPHPEUDQH
SUHVVXUH DQGZDVWHZDWHU WHPSHUDWXUHZHUHPRQLWRUHG GDLO\ 6DPSOHV WDNHQHYHU\ WZRGD\V
ZHUH DQDO\]HG IRU S+ VXVSHQGHG VROLGV WRWDO &2' DQG VROXEOH &2' 2QFH SHU ZHHN DQ
DGGLWLRQDO DQDO\VLV IRU GHWHUPLQDWLRQ RI %2' ZDV SHUIRUPHG 7KH UHPRYDO RI DPPRQLD DQG
SKRVSKRUXVIURPWKHWUHDWHGHIIOXHQWWRRNSODFHE\DGVRUSWLRQSURFHVVHVWKLVSDUWRIWKHSURMHFW
LVQRWKHUHGRFXPHQWHG
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7KH *DQ0%5 ZDV DEOH WR SURGXFH D VROLG IUHH HIIOXHQW ZLWK DQ DYHUDJH &2' DQG %2'
FRQFHQWUDWLRQRIPJ/DQGPJ/7DEOHZKLFKFRUUHVSRQGWRDQDYHUDJH&2'DQG
%2' UHPRYDORIDQG UHVSHFWLYHO\DW WKHZLQWHUVHZDJH WHPSHUDWXUHVEHWZHHQ
& 7KH REVHUYHG RUJDQLF UHPRYDO ZDV LQ WKH VDPH UDQJH RI RWKHU*DQ0%5 RSHUDWLQJ DW
VLPLODUWHPSHUDWXUH>@
7KH IRXOLQJ FRQWURO SURFHGXUH SURYHG WR EH UDWKHU HIIHFWLYH DV WKH DYHUDJH IRXOLQJ UDWH ZDV
IRXQGWREHRQO\PEDUGIRUGD\VRIFRQWLQXRXVRSHUDWLRQ$OWKRXJKWKHREVHUYHGIRXOLQJ
UDWHZDVORZHUWKDQRWKHUUHSRUWHGUHVSHFWLYHUDWHVIURP*DQ0%5WUHDWLQJVHZDJHWKH
ORZ DSSOLHG IOX[ IDYRXUHG WKLV IRXOLQJ EHKDYLRXU 1HYHUWKHOHVV WKH SUHVHQWHG UHVXOWV VXJJHVW
WKDW D VXVWDLQDEOH IOX[ RSHUDWLRQ FDQ EH DFKLHYHG LQ LPPHUVHG*DQ0%5ZLWK OLPLWHG VSHFLILF
JDV GHPDQG WKDW FRQVHTXHQWO\ DOORZV RSHUDWLRQ ZLWK VLJQLILFDQWO\ ORZ RSHUDWLRQDO HQHUJ\
GHPDQGV
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%\ FRPELQLQJ WKH H[SHULPHQWDO UHVXOWV DQG UHSRUWHG YDOXHV DYDLODEOH LQ OLWHUDWXUH WKH QHW
VSHFLILF RSHUDWLRQDO HQHUJ\ GHPDQG RI D *DQ0%5 EDVHG IORZVKHHW WUHDWLQJ  P G
GRPHVWLFVHZDJHZDVFDOFXODWHGDWN:KP7DEOH7KHHQHUJ\GHPDQGIRUVFUHHQLQJ
SULPDU\ VHGLPHQWDWLRQ LQIOXHQW DQG SHUPHDWH SXPSLQJ LQWHUQDO UHFLUFXODWLRQ PHPEUDQH
VSDUJLQJDQGVOXGJHWUHDWPHQWDVZHOODVWKHHQHUJ\SURGXFWLRQIURPDQDHURELFGLJHVWLRQRIWKH
SULPDU\ VOXGJHZHUH WDNHQ LQWR DFFRXQW7KHJDVEORZHUHIILFLHQF\ZDVDVVXPHG WR EH
ZKLOH WKH EORZHU RXWOHW SUHVVXUH ZDV EDVHG RQ GHVLJQ SDUDPHWHUV IRU D ODUJH VFDOH $Q0%5
W\SLFDOJDVGLIIXVHUGHSWKRIPDOORZLQJIRUORVVHVLQFXUUHGLQWKHSLSHZRUN$YDOXHRI
N:K1PELRJDVZDVFDOFXODWHGIRUPHPEUDQHVSDUJLQJ7KHUHVXOWVFOHDUO\VKRZWKHLPSDFWRI
PHPEUDQH VSDUJLQJ RQ RSHUDWLRQDO FRVWV DVPHPEUDQH VSDUJLQJ FRUUHVSRQGV WR WKH RI
WKHVSHFLILFHQHUJ\GHPDQGVRID*DQ0%5

7KH W\SLFDO VSHFLILF QHW HQHUJ\ GHPDQGRI D W\SLFDO DFWLYDWHG VOXGJHSODQW XWLOL]LQJ DQDHURELF
VOXGJH GLJHVWLRQ FDQ UHDFK XS WR  N:K P >@ +HQFH WKH SRWHQWLDO RI WKH *DQ0%5
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